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57 ABSTRACT 
In a digital control circuit, a clock pulse is counted so 
that when a predetermined timing is reached the driving 
of a load is controlled. The digital control circuit may 
preferably be an integrated circuit for controlling the 
combustion of a burner for a combustion apparatus such 
as a water heater or an air heater. The combustion con 
trol circuit performs the igniting operation for a prede 
termined period of time and the supply of fuel is stopped 
if the ignition can not be attained within the predeter 
mined period. In the digital control circuit, a clock 
pulse having a predetermined bias voltage is counted by 
a time measuring circuit and whether the clock pulse 
has the predetermined bias voltage or not is judged by 
a detecting circuit so that the igniting operation is 
stopped when the clock pulse has the predetermined 
bias voltage, thereby avoiding a risk that, if the input of 
the clock pulse is interrupted within the predetermined 
period, the predetermined period may be prolonged 
indefinitely and the supply of fuel may be continued 
even though ignition has not been attained. 

11 Claims, 7 Drawing Figures 
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1. 

DIGITAL CONTROL CIRCUIT 

BACKGROUND OF THE INVENTION 

The present invention relates to a digital control 
circuit in which a clock pulse is counted to measure 
time and when a predetermined period of time has been 
reached, control for driving a load is effected, and par 
ticularly to a combustion control circuit for controlling 
combustion of a burner, such as for a water heater, an 
air heater, etc. 
The combustion control circuit of the kind as men 

tioned above is described in, for example, U.S. Pat. No. 
4,145,179 and International Laid-open No. WO 
8O/O1604 (International Application No. 
PCT/JP80/00008, U.S. patent application Ser. No. 
224,289). 
The configuration and functions of the combustion 

control circuit of this kind will be explained first by 
referring to FIGS. 1 and 2. An integrated circuit 1 for 
combustion control is provided with a pair of electric 
supply input terminals 2a and 2b, a clock pulse input 
terminal 3, a flame detection signal input terminal 4, a 
temperature detection signal input terminal 5, a blower 
driving signal output terminal 6, an ignition circuit driv 
ing signal output terminal 7, a fuel valve driving signal 
output terminal 8 and a safety device driving signal 
output terminal 9. The integrated circuit 1 is composed 
of a timer 11 for counting clock pulses to measure time, 
and a control circuit 12 responsive to input signals ap 
plied to the input terminals 4 and 5 and input signals 
from the timer 11 to produce driving signals from the 
output terminals 6, 7, 8 and 9 at appropriate timings or 
with a proper sequence. 

Reference numeral 13 denotes an a.c. source, 14 de 
notes a d.c. source circuit, 15 denotes an operation 
switch, 16 denotes a diode, 17 and 18 denote voltage 
dividing resistors, and 19 denotes a noise-killing capaci 
O. 
The operation of the thus arranged circuit will be 

described by referring to FIG. 2. In FIG. 2, the left 
hand numerals correspond to those used in FIG. 1. 
When the operation switch 15 is turned on and the input 
terminal 5 receives at time to an input signal which 
indicates that the temperature of a load has been low 
ered below a preset value, the control circuit 12 causes 
the timer 11 to begin to measure time. Clock pulses 
obtained by half-wave rectifying the a.c. power from 
the a.c. source 13 are successively applied to the input 
terminal 3. The timer 11 begins to count the successive 
clock pulses received by the input terminal 3. That is, a 
period of prepurging is started and the control circuit 12 
produces, at this time, a driving signal from the output 
terminal 6 to instruct the initiation of the prepurging 
operation. 
When the count of the timer 11 has reached a prede 

termined value, that is when a preset period of time has 
been reached, the timer 11 sends a control signal to the 
control circuit 12 so that the control circuit 12 produces 
driving signals from the output terminals 7 and 8 to 
cause an ignition circuit (not shown) and a fuel valve 
(not shown) to start the igniting operation at time t1. 
The timer 11 continues its counting operation even if 
the time t1 has been reached. That is, the timer 11 begins 
to measure a safety period of time from this time t1. If a 
flame detection signal indicating the existence of a flame 
is received at the input terminal 4 at time t2 within the 
safety period, the control circuit 12 stops the producing 
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2 
driving signal from the output terminal 7 so that the 
combustion is performed in a normal combustion state. 
If the flame detection signal disappears, that is if the 
flame is extinguished, in the normal combustion state, 
the combustion is restarted from the above-mentioned : 
prepurging operation. Further, if the load temperature 
exceeds a predetermined value so that the temperature 
detection signal disappears at the input terminal 5 in the 
normal combustion state, the control circuit 12 stops the 
combustion. 

In case no flame detection signal arrives at the input 
terminal 4 during the safety period, the operation is 
repeated from the beginning of the prepurging opera 
tion, or the control circuit 12 stops producing the driv 
ing signals from the output terminals 6, 7 and 8 at time 
t4 and produces, at this time, an alarm signal from the 
output terminal 9 to stop the combustion operation. 

In case any one of the input terminals 8, 4, 9 and 3, for 
example the input terminal 3, is grounded or a lead wire 
thereto is broken, intentionally or accidentally, during 
the safety period, for example at time t3, the safety 
period will be prolonged infinitly due to the disappear 
ance of a clock pulse, resulting in serious danger be 
cause fresh fuel may be released if ignition has not been 
attained (assuming that the d.c. source is being sup 
plied). 
As a countermeasure of this, a second timer may be 

provided in addition to the timer 11 of the integrated 
circuit 1 or alternatively a further clock pulse input 
terminal may be provided in addition to the terminal 3. 
Each of these cases is, however, expensive. 

SUMMARY OF THE INVENTION 

An object of the present invention is to eliminate the 
drawback in the conventional technique, as mentioned 
above. 
Another object of the present invention is to provide 

an inexpensive digital control circuit. 
A further object of the present invention is to provide 

a digital control circuit comprising a single integrated 
circuit having a single clock pulse input terminal while 
at the same time ensuring safety. W 
According to an aspect of the present invention, a 

digital control circuit comprises a circuit for generating 
a clock pulse having a predetermined bias voltage, timer 
means for measuring time based on the clock pulse and 
means for detecting the presence of a voltage based on 
the bias voltage of the clock pulse, so that control is 
effected to make the load safe when no bias voltage 
exists. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating a conventional 
combustion control circuit; 

FIG. 2 is a time chart of various waveforms for ex 
plaining the operation of the combustion control circuit 
of FIG. 1; 

FIG. 3 is a block diagram illustrating the combustion 
control circuit according to an embodiment of the pres 
ent invention; 

FIG. 4 shows waveforms at various portions in the 
circuits of FIG. 3; 
FIG. 5 is a circuit diagram of another embodiment of 

the present invention; 
FIG. 6 is a circuit diagram of a further embodiment of 

the present invention; and 
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FIG. 7 is a circuit diagram of a still further embodi 
ment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIGS. 3 and 4, the present invention will 
be explained with respect to an embodiment. In FIG. 3, 
the same numerals as those used in the conventional 
circuit shown in FIG. 1 denote the same parts or con 
ponents as those in the FIG. 1 circuit. FIG. 4 shows 
waveforms A, B and Cappearing at the points A, B and 
C in the circuit of FIG. 3. 
The a.c. source 13, a capacitor 20 and a d.c. power 

source for providing a bias voltage V3 constitute a 
clock pulse generating circuit which produces a clock 
pulse A having the waveform A as shown in FIG. 4. 
A waveform forming circuit 25 is composed of a 

voltage divider constituted by a pair of resistors R1 and 
R2, a schmidt circuit constituted by transistors Q1, Q2 
and resistors R3, R4 and R5, and a driving circuit con 
stituted by transistors Q3, Q4 and resistors R6, R7. The 
transistor Q4 is turned ON between the values V2 and 
V4 of the clock pulse A and produces the waveform B 
of FIG. 4 as an output of the waveform forming circuit 
25 to be applied, as a clock pulse, to a timer 11. A de 
tecting circuit 26 for detecting whether the clock pulse 
A is present or not, is composed, similarly to the wave 
form forming circuit 25, of a Schmidt circuit constituted 
by transistors Q1', Q2 and resistors R3', R4' and R5, 
and a driving circuit constituted by transistors Q3', Q4 
and resistors R6, R7. The detecting circuit 26 is differ 
ent from the waveform shaping circuit 25 in that the 
former has no voltage divider. The transistor Q4 is 
turned ON when the magnitude of the input voltage at 
the input terminal 3 is lower than the value V1 which is 
a preselected voltage level. The output of the transistor 
Q4 has the waveform C as shown in FIG. 4. The value 
V1 is less in magnitude than the difference between the 
magnitude of the d.c. bias voltage V3 and the maximum 
amplitude of the output of the a.c. source 13. 
The timer 11 is composed of a plurality of frequency 

dividing circuits and produces a prepurge end signal 
from a terminal 11a and a safety period end signal from 
a terminal 11b. 
An input terminal 27 serves to receive an abnormal 

detection signal which is made low in case of occurring 
an abnormal state. An input terminal 4 receives a flame 
detection signal which is made low when a flame exists. 
Each of input circuits 28 reverses an input signal applied 
thereto so as to produce an inverted output signal. 
An R-S flip-flop 29 has an output 29a which is made 

high in the alarming state. In the alarming state, a con 
trol circuit 30 produces at each of the output terminals 
6, 7 and 8 a stop signal for stopping the operation of 
each apparatus connected thereto and produces at an 
output terminal 9 an alarm signal indicating the abnor 
mal state. 
The operation of the thus arranged control circuit 

will be described. First, explanation is made about the 
case where an operation switch 15 has been turned on, 
clock pulses are being successively applied, so that the 
respective parts of the combustion apparatus are prop 
erly operating. Hereinafter, the low level will be repre 
sented by 'L', while the high level by “H”. 
When the temperature of a load is above a tempera 

ture setting, a temperature detection signal input termi 
nal 5 is L and the respective outputs of a NAND gate 
31, an inverter 32 and a NAND gate 33 are H, L and H. 
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4. 
The R-S flip-flop. 29 is reset and the output 29a thereof 
is made L. Thus, each of the output terminals 6, 7, 8 and 
9 produces a stop signal. 
When the load temperature becomes lower than the 

temperature setting, the input terminal 5 becomes Hand 
the respective outputs of the inverter 32 and the NAND 
gate 33 become H and L, so that the control circuit 30 
produces a blower driving signal from the output termi 
nal 6. Further, when the respective outputs of an in 
verter 34 and an output terminal 40 is H, an output of a 
NAND gate 35 becomes L., so that the timer 11 starts its 
function. Thus, the prepurging is initiated. 
When an output terminal 11a becomes H, driving 

signals are produced from the output terminals 7 and 8 
so that the fuel is supplied to a combustion apparatus 
and an igniter operates. Thus, the safety period begins. 
Upon the completion of igniting operation, the flame 

detection signal input terminal 4 becomes L so that the 
control circuit 30 acknowledges the ignition and stops 
the operation of the igniter. Further, an output terminal 
40 of the control circuit 30 becomes L. So as to make the 
output of the NAND gate 35 H to thereby stop the 
operation of the timer 11. 

In the case the igniting operation can not be com 
pleted within the safety period, an output terminal 11b 
becomes H at the end of the safety period, so that the 
control circuit 30 produces stop signals from the respec 
tive output terminals 6, 7 and 8. Further, the control 
circuit 30 produces an H output at its output 41 so that 
the output of an OR gate 42 becomes H, the output of an 
inverter 43 becomes L, the R-S flip-flop. 29 is set so as to 
make its output terminal 29a H, so that the stop signals 
at the respective output terminals 6, 7 and 8 are main 
tained as they were and an alarm signal is produced 
from the output terminal 9. 
This applies as well to the case where the input termi 

nal 27 becomes L for the same reasons indicated above. 
If the input of the clock pulses is nullified by ground 

ing within the safety period, the input voltage at the 
input terminal 3 becomes below the value V1 as shown 
in FIG. 4 so that the transistor Q4 of the detecting 
circuit 26 is turned on, thereby making the output of the 
NAND gate 31 H. Similarly to the case of higher load 
temperature, the respective stop signals are provided at 
the output terminals 6, 7 and 8 so as to stop the opera 
tion of the combustion apparatus. 

Accordingly, even in the case where the application 
of the clock pulse signal is interrupted under the condi 
tion of non-ignition within the safety period, the opera 
tion of the combustion apparatus can be stopped and 
any possible danger can be prevented from occurring. 

Further, in the case where the lead wire is broken at 
the left side from the connection point of the d.c. source 
21, the operation of the combustion apparatus cannot be 
stopped by means of the detecting circuit 26, while in 
the case where the lead wire is broken at the right side, 
it can be stopped by the detecting circuit 26. 

FIG. 5 shows an embodiment in which a bias voltage 
is applied by a capacitor 50. The capacitor 50 is charged 
by the clock pulses and produces the output voltage V1. 
By this arrangement, the operation of the combustion 
apparatus can be stopped in the case of the broken lead 
Wire, 

If the source 13 is turned on under the condition that 
the operation switch 15 has been turned on and if the 
charged voltage across the capacitor 50 is below the 
value V1, the transistor Q4 of the detecting circuit 26 is 
in the on-state. There is no problem in this, although the 
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initiation of the prepurging operation is slightly de 
layed. In the combustion apparatus in which no pre 
purging operation is effected, there occurs no problem, 
although the initiation of the igniting operation is some 
what delayed. 
Thus, when the output of the detecting circuit 26 

indicates an abnormal state, it is preferable to arrange 
the circuit to be equivalent to the state in which a signal 
requesting no combustion is applied to the temperature 
detecting signal input terminal 5. That is, it is preferable 
to arrange the circuit such that the R-S flip-flop 29 does 
not operate in that case. 
FIG. 6 shows an embodiment in which a clock pulse 

halfwave-rectified by a diode 16 is produced when a 
bias voltage is applied by a d.c. source 21. 
FIG. 7 shows an embodiment in which a clock pulse 

is produced through full-wave rectification by a diode 
bridge 51. 
The timer 11 used in the previously described em 

bodiment and constituted by frequency-divider circuits 
can be similarly employed also in the case where the 
integrated circuit is constituted by a microcomputer. 

Further, the description has been made with respect 
to the embodiments in which the present invention is 
realized as a combustion control circuit, however it is 
apparent that the embodiments can be applied to con 
trol devices other than those used for combustion con 
trol. 
Although it is preferable to contain the timer 11, the 

control circuit 12 and the detecting circuit 26 in a single 
package, the object of the present invention can be 
substantially attained without this feature although the 
effect is lowered correspondingly. 
According to the present invention, as described 

above, the non-safety state can be avoided with very 
simplified configuration in case of interruption of the 
input of the clock pulse. 
We claim: 
1. A digital control circuit comprising first circuit 

means for producing a clock pulse signal including first 
means for producing a pulse signal and second means 
for applying a predetermined bias voltage to said pulse 
signal to produce an output clock pulse signal; time 
measuring means responsive to the output clock pulse 
signal of said first circuit means for counting the pulses 
of said clock pulse signal to measure time; control 
means responsive to said time-measuring means and at 
least one control signal for producing a first digital 
signal for controlling a load, said control means includ 
ing means for changing the state of said first digital 
signal in response to an output signal produced by said 
time-measuring means when a preset timing is reached 
subsequent to receipt of said control signal for effecting 
operation of said load; second circuit means connected 
to said first circuit means for judging whether the out 
put clock pulse signal of said second means has a prede 
termined voltage level corresponding to said predeter 
mined bias voltage and for producing a second signal 
when said output clock pulse signal of said second 
means differs from said predetermined voltage level; 
and means responsive to said second signal for control 
ling said control means to control the state of said first 
digital signal to prevent operation of said load. 

2. A digital control circuit according to claim 1, in 
which said time-measuring means, said control means, 
and said second circuit means are formed in a single 
integrated circuit. 
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6 
3. A digital control circuit according to claim 1, in 

which said second means comprises a capacitor con 
nected between said first means and the input of said 
time-measuring means, and a d.c. source provided be 
tween said input of said time-measuring means and 
ground. 

4. A digital control circuit according to claim 1, 
wherein said first means is connected to the input of said 
time-measuring means via a rectifier and in which said 
second means comprises a capacitor connected between 
said input of said time-measuring means and ground, so 
that said capacitor is charged by the output of said first 
means to said predetermined bias voltage. 

5. A digital control circuit according to claim 1, in 
which said control means comprises a combustion con 
trol means for controlling a burner. 

6. A digital control circuit comprising means for 
providing a clock pulse signal of predetermined magni 
tude; control means responsive to said clock pulse signal 
and at least one control signal for generating a first 
signal for controlling a load; detection means connected 
to the output of said clock pulse signal providing means 
for detecting the magnitude of the pulses of said clock 
pulse signal and for generating a second signal when 
said magnitude falls below a preselected voltage level; 
and means connected to said detection means for pre 
venting generation of said first signal by said control 
means in response to receipt of said second signal; said 
clock pulse signal providing means comprising an a.c. 
source connected to a source of d.c. bias voltage, said 
preselected voltage level being less in magnitude than 
the difference between the magnitude of said d.c. bias 
voltage and the maximum amplitude of the output of 
said a.c. source. 

7. A digital control circuit comprising means for 
providing a clock pulse signal of predetermined magni 
tude; control means responsive to said clock pulse signal 
and at least one control signal for generating a first 
signal for controlling a load; detection means connected 
to the output of said clock pulse signal providing means 
for detecting the magnitude of the pulses of said clock 
pulse signal and for generating a second signal when 
said magnitude falls below a preselected voltage level; 
and means connected to said detection means for pre 
venting generation of said first signal by said control 
means in response to receipt of said second signal; said 
clock pulse signal providing means comprising an a.c. 
source connected in series with a capacitor across a 
source of d.c. bias voltage, the point of connection of 
said capacitor to said source of d.c. bias voltage being 
connected to said detection means. 

8. A digital control circuit according to claim 7, 
wherein said clock pulse signal providing means further 
comprises a Schmidt circuit connected between the 
point of connection of said capacitor and said source of 
d.c. bias voltage and the input of said control means. 

9. A digital control circuit comprising means for 
providing a clock pulse signal of predetermined magni 
tude; control means responsive to said clock pulse signal 
and at least one control signal for generating a first 
signal for controlling a load; detection means connected 
to the output of said clock pulse signal providing means 
for detecting the magnitude of the pulses of said clock 
pulse signal and for generating a second signal when 
said magnitude falls below a preselected voltage level; 
and means connected to said detection means for pre 
venting generation of said first signal by said control 
means in response to receipt of said second signal; said 
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clock pulse signal providing means comprising an a.c. 
source connected in series with a rectifier across a 
source of d.c. bias voltage, the point of connection of 
said rectifier to said source of d.c. bias voltage being 
connected to said detection means. 5 

10. A digital control circuit according to claim 9, 
wherein said clock pulse signal providing means further 
comprises a Schmidt circuit connected between the 
point of connection of said rectifier and said source of 
d.c. bias voltage and the input of said control means. 10 

11. A digital control circuit comprising means for 
providing a clock pulse signal of predetermined magni 
tude; control means responsive to said clock pulse signal 
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8 
and at least one control signal for generating a first 
signal for controlling a load; detection means connected 
to the output of said clock pulse signal providing means 
for detecting the magnitude of the pulses of said clock 
pulse signal and for generating a second signal when 
said magnitude falls below a preselected voltage level; 
and means connected to said detection means for pre 
venting generation of said first signal by said control 
means in response to receipt of said second signal; said 
control means comprising combustion control means 
for a burner. 

ck se k k k 


